Introduction {#S0001}
============

Colorectal cancer (CRC) is a common malignant tumor of the digestive tract. According to the GLOBOCAN estimates for 2018, CRC ranked third in terms of incidence and was the second leading cause of cancer-related mortality.[@CIT0001] In the past, therapies combining a fluorouracil, leucovorin and irinotecan (FOLFIRI) regimen with an anti-vascular endothelial growth factor (VEGF) monoclonal antibody or anti-epidermal growth factorg receptor (EGFR) monoclonal antibody improved survival and were standard first-line treatments.[@CIT0002]--[@CIT0004] However, it was still controversial to use anti-EGFR monoclonal antibody cetuximab plus oxaliplatin-based chemotherapy for the first-line treatment of patients with RAS wide-type (wt) metastatic colorectal cancer (mCRC).[@CIT0005]--[@CIT0008] With the report of the results of the TAILOR trial (Trial No.: EMR62202-057; ClinicalTrials.gov identifier: NCT01228734), this controversy was resolved.[@CIT0009]

The TAILOR trial was the first prospective, open-label, randomized, multicenter, phase III study to confirm the efficacy and safety of adding cetuximab to first-line fluorouracil, leucovorin and oxaliplatin (FOLFOX-4) in patients with RAS wt mCRC. The results clearly demonstrated that adding cetuximab to FOLFOX-4 significantly improved the median progression-free survival (PFS) (P = 0.004, median PFS, 9.2 months vs 7.4 months), median overall survival (OS) (P = 0.02, median OS, 20.7 months vs 17.8 months) and overall response rate (P \< 0.001, ORR, 61.1% vs 39.5%) compared with FOLFOX-4 alone. Meanwhile, the treatment was well tolerated, and the safety profile of cetuximab plus FOLFOX-4 was in accordance with expectations.[@CIT0009] In addition, unlike in the CALGB/SWOG 80405 trial, it seemed that patients with right-sided, BRAF wt mCRC could benefit from the addition of cetuximab to first-line FOLFOX-4 in the TAILOR trial.[@CIT0009],[@CIT0010]

Although therapy with cetuximab plus FOLFOX-4 shows certain advantages, health care costs increased significantly in the process of treatment. In China with limited health resources and a large population, health care payers and clinicians also need dependable evidence as a framework for determining the value of different therapeutic regimens in oncology. Therefore, we used a Markov model to explore the cost-effectiveness of cetuximab plus FOLFOX-4 compared with FOLFOX-4 alone for patients with RAS wt mCRC from the perspective of Chinese society.

Materials and Methods {#S0002}
=====================

Patients and Regimens {#S0002-S2001}
---------------------

The basic clinical data were derived from the literature of TAILOR trial.[@CIT0009] FOLFOX-4 consisted of intravenous oxaliplatin (85 mg/m^2^) on day 1, leucovorin (200 mg/m^2^) on days 1--2 and 5-fluorouracil (bolus 400 mg/m^2^ and then a 22 hours continuous infusion of 600 mg/m^2^) on days 1--2 of each 2-week treatment cycle. For patients receiving cetuximab plus FOLFOX-4, cetuximab was administered at 400 mg/m^2^ on day 1 and then at 250 mg/m^2^/week. According to the results of treatment exposure of the PFS state, doses of cetuximab, oxaliplatin and 5-fluorouracil were adjusted based on the observed changes in adverse events (AEs) during treatment. To assess the tumor response, computed tomography (CT) or magnetic resonance imaging (MRI) was conducted every 8 weeks, and follow-up was carried out every 3 months until the patient died. The baseline characteristics of the patients with RAS wt mCRC were reasonably balanced between the two arms.

Model Structure {#S0002-S2002}
---------------

A Markov cohort simulation model was conducted by TreeAge Pro 2011 (TreeAge Software, Inc., Williamstown, MA, USA) to simulate the evaluation of patients health with RAS wt mCRC and to explore the cost-effectiveness of these two regimens based on the TAILOR trial. Markov models are commonly used in cost-effectiveness analysis evaluating cancer therapies. The Markov model simulates the progression of the patient health through three health states: PFS, progressive disease (PD), and death ([Figure 1](#F0001){ref-type="fig"}). All patients first enter the model in the PFS state. Each month, they can transition to another health state ([Figure 1](#F0001){ref-type="fig"}). The monthly transition probabilities of the three health states were calculated as follows: P (1 month) = 1 - (0.5) ^(1/median\ time\ to\ event)^, which was derived from the equations: P = 1 - e-R and R = - ln \[0.5\]/(time to event/number of treatment cycles). And monthly transition probabilities were based on the TAILOR trial.[@CIT0011],[@CIT0012]Figure 1Markov model for RAS wide-type metastatic colorectal cancer.**Notes:** A Markov model containing three health states (progression-free state, progressive disease, and death) was conducted.

Cost Estimates {#S0002-S2003}
--------------

The total costs were computed from the perspective of Chinese society, and they consisted of direct medical costs and social costs. The direct medical costs include the drugs, tests, treatments for grade ≥3 AEs, and hospitalization, while the social costs included travel fees and time costs. The costs of drugs, tests and hospitalization were in accordance with the 2018 fee standards of West China Hospital, Sichuan University. For the costs of treatments for grade ≥3 AEs, we referred to the incidence of grade ≥3 AEs in the population with RAS wt mCRC to calculate them ([Table 1](#T0001){ref-type="table"}). Travel fees were estimated to be \$10.20 per patient each trip to the hospital according to the taxi fare per kilometer in Sichuan, China, 2018.[@CIT0013] And time costs were reckoned at \$35.73 per day on the basis of the average monthly salary in China, 2018.[@CIT0013] All costs were converted into US dollars at an exchange rate of \$1 = RMB 6.9425 (November 2018).Table 1Clinical Efficacy and Grade 3--4 AEsVariablesCetuximab+FOLFOX-4FOLFOX-4Clinical efficacy, months (95% CI) Median PFS (m)9.2 (7.7--9.4)7.4 (5.6--7.9) Median OS (m)20.7 (15.9--22.1)17.8 (14.9--19.6)Grades 3--4 AEs (%) Neutropenia61.943.2 Leukopenia26.821.1 Fatigue12.99.5 Hypokalemia10.34.0 Thrombocytopenia10.36.5 Hypomagnesemia8.21.0 Dermatitis acneiform7.20 Stomatitis6.20.5 Diarrhea5.72.0 Bone marrow failure4.66.0 Any skin reactions25.80[^1]

Cost-Effectiveness Estimates {#S0002-S2004}
----------------------------

The incremental cost-effectiveness ratio (ICER) was the primary health outcome, which was associated with costs and the quality-adjusted life years (QALYs) of both groups. Utility scores of the health states in the Markov model were obtained from previously published studies, with 0.85 for the PFS state in groups, 0.68 for the PD state and 0 for death state.[@CIT0014]--[@CIT0016]

Sensitivity Analysis {#S0002-S2005}
--------------------

One-way sensitivity analysis was carried out to observe the effect of different parameters on the Markov model, the range of which was ±30% of the baseline values, and the results of our analysis were displayed in the form of a tornado diagram. Probabilistic sensitivity analysis using a Monte Carlo simulation of 1000 patients was performed to determine the optimal strategy under the premise of varying willingness-to-pay (WTP) thresholds, and the results of our analysis were presented as cost-effectiveness acceptability curves. According to the guidelines of World Health Organization (WHO) for cost-effective analyses, WTP was set to \$27,934/QALY, which was 3 × the per capita gross domestic product (GDP) of China.[@CIT0017]

Results {#S0003}
=======

Basic Outcomes {#S0003-S2001}
--------------

The efficacy and grade ≥3 AEs are displayed in [Table 1](#T0001){ref-type="table"}. According to aforementioned equation, the monthly transition probability of the group receiving cetuximab plus FOLFOX-4 from the PFS state to PD state (P~PFS-PD1~) was 0.073, 0.033 from the PFS state to death (P~PFS-DEATH1~), and 0.058 from the PD state to death (P~PD-DEATH1~). The transition probability of the group receiving FOLFOX-4 alone from the PFS state to the PD state (P~PFS--PD2~) was 0.089, 0.038 from the PFS state to death (P~PFS-DEATH2~), and 0.064 from the PD state to death (P~PD-DEATH2~). When the Markov process ended, the combination of cetuximab and FOLFOX-4 provided 1.25 QALYs compared with 1.10 QALYs for FOLFOX-4 alone.

Cost Outcomes {#S0003-S2002}
-------------

The estimated monthly costs of drugs, tests, treatments for grade ≥3 AEs, and hospitalization as well as the societal costs are given in [Table 2](#T0002){ref-type="table"}. Briefly, in the cetuximab and FOLFOX-4 arm, the costs for the PFS state and PD state were \$30,825 and \$9,175, respectively. In the FOLFOX-4 arm, the costs of the PFS state and PD state were \$6,372 and \$14,549, respectively. Finally, the total cost was \$40,000 for the cetuximab and FOLFOX-4 arm, which was remarkably higher than the \$20,921 for the FOLFOX-4 arm ([Table 3](#T0003){ref-type="table"}), and the introduction of cetuximab substantially increased the total cost by \$19,079.Table 2Cost (\$) and Utility Scores of Cetuximab Plus FOLFOX-4 and FOLFOX-4VariablesCetuximab+FOLFOX-4FOLFOX-4Cost for PFS state (\$/month) Chemotherapy drugs263276 Cetuximab2,5170 Test238238 Grade ≥ 3 AEs5940 Inpatient fees12392 Time4120 Travel286214 Total cost for PFS state3,527880Cost for PD state (\$/month) Chemotherapy drugs5671,061 Additional cost for PD state257344 Total cost for PD state8241,405[^2] Table 3Results of Cost-Effectiveness AnalysisVariablesCetuximab+FOLFOX-4FOLFOX-4Cost (\$) PFS state30,8256,372 PD state9,17514,549 Total cost40,00020,921 Incremental cost19,079Effectiveness (QALYs) PFS state0.620.51 PD state0.630.59 Total effectiveness1.251.10 Incremental effectiveness0.15 ICER (\$/QALY)127,193[^3]

Cost-Effectiveness Analysis {#S0003-S2003}
---------------------------

According to the results of cost-effectiveness analysis presented in [Table 3](#T0003){ref-type="table"}, the combination of cetuximab and FOLFOX-4 was more expensive, with a cost of \$32,000 per QALY compared with \$19,019 per QALY for the FOLFOX-4 alone. In general, cetuximab plus FOLFOX-4 provided an increase of 0.15 QALYs at an incremental cost of \$19,079 compared with FOLFOX-4 alone, resulting in an ICER of \$127,193/QALY, which exceeded the WTP threshold of \$27,934/QALY in China.

Sensitivity Analysis {#S0003-S2004}
--------------------

One-way sensitivity analysis was performed to explore the effect of uncertainties in our analysis, and the results are shown in a tornado diagram ([Figure 2](#F0002){ref-type="fig"}). The effect of the cost of the PFS state in the cetuximab plus FOLFOX-4 arm was more dominant in the Markov model. When the cost of the PFS state in the cetuximab plus FOLFOX-4 arm varied from \$2,469 to \$4,585, the ICER increased from \$65,411 per QALY to \$188,445 per QALY. In the PFS state in the cetuximab plus FOLFOX-4 arm, the proportion of the cost of cetuximab was higher. When the cost of cetuximab in the cetuximab plus FOLFOX-4 arm varied from \$1,762 to \$3,272, the ICER increased from \$83,029 per QALY to \$170,827 per QALY. The costs of the PD state in the FOLFOX-4 arm and the cetuximab plus FOLFOX-4 arm, and the utility scores of PFS also had significant impacts on ICER. In addition, according to the probabilistic sensitivity analysis, the cost-effectiveness acceptability curves indicated that the FOLFOX-4 regimen had an approximately 100% probability of being cost-effective when the WTP was set to \$27,934/QALY, so the cetuximab plus FOLFOX-4 regimen was not a cost-effective strategy compared with the FOLFOX-4 regimen ([Figure 3](#F0003){ref-type="fig"}).Figure 2Tornado diagram of the one-way sensitivity analysis.**Notes:** The tornado diagram showed the results of the one-way sensitivity analysis to observe the effect of different parameters on the Markov model. The parameters are arranged in descending order in terms of trend with the degree of influence on the Markov model.**Abbreviations:** FOLFOX-4, leucovorin, fluorouracil, and oxaliplatin; combination arm, cetuximab plus FOLFOX-4 arm; PFS, progression-free survival; PD, progressive disease; QALM, quality adjusted-life month; ICER, incremental cost-effectiveness ratio.Figure 3Cost-effectiveness acceptability curves.**Notes:** The curves show the results of probabilistic sensitivity analysis to determine the optimal strategy under the premise of varying willingness-to-pay thresholds.**Abbreviations:** FOLFOX-4, leucovorin, fluorouracil, and oxaliplatin; CE, cost-effectiveness; QALM, quality-adjusted life month.

Discussion {#S0004}
==========

Currently, the combination of chemotherapy with monoclonal antibodies is the standard first-line treatment for patients with RAS wt mCRC. In the TAILOR trial, adding cetuximab to first-line FOLFOX-4 in patients with RAS wt mCRC significantly improved the ORR, PFS and OS. However, the addition of cetuximab resulted in a substantial increase in the cost of treatment. Thus, it was not clear whether the combination of cetuximab and FOLFOX-4 is a cost-effective strategy for patients with RAS wt mCRC from the perspective of Chinese society.

Our analysis based on the TAILOR trial is the first study to explore the efficacy and cost of adding cetuximab to first-line FOLFOX-4 in patients with RAS wt mCRC, who are different from the patients with KRAS wt mCRC in prior trials.[@CIT0004],[@CIT0006],[@CIT0018] According to our analysis, cetuximab plus FOLFOX-4 provided an incremental 0.15 QALYs at an increase of \$19,079 compared with the FOLFOX-4 group, resulting in an ICER of \$127,193/QALY, which exceeded the WTP threshold of \$27,934/QALY in China. Thus, although the results from the TAILOR phase III trial suggest that the addition of cetuximab to FOLFOX-4 showed excellent clinical benefits, it may not be a cost-effective strategy for patients with RAS wt mCRC from the Chinese societal perspective.

Regarding the cost-effectiveness of cetuximab plus FOLFOX-4, there seemed to be a consistent answer in several studies worldwide. A systematic review noted that the ICER for RAS WT mCRC patients treated with cetuximab plus FOLFOX-4 against FOLFOX-4 was £104,205/QALY, which was likely to represent poor value for the money at a WTP of £20,000 per QALY when judged by the cost-effectiveness criteria used in the UK,[@CIT0019] but this result was obtained merely by subgroup analysis. In Iran, a systematic search of the literature showed that the addition of cetuximab to FOLFOX-4 increased OS by 0.442 years and increased cost by \$202,484, resulting in an ICER of US\$ 458,113 per life years gained (LYG), which greatly exceeded the WHO recommended threshold for the Iranian health care market,[@CIT0020] however a potential limitation was that the RAS gene status of the mCRC patients was unclear. Compared with previously published studies, our study addresses the defects in the design of these previous studies and similarly confirms that cetuximab plus FOLFOX-4 is not cost-effective in China. Moreover, the differences in the research perspectives and methods of these three studies may produce bias, which could further impact the cost-effectiveness of first-line cetuximab plus FOLFOX-4 vs FOLFOX-4 in patients with RAS wt mCRC in different countries.

In addition, a study from the Chinese medical insurance perspective found that the addition of cetuximab to FOLFIRI led to an increase of 0.63 QALYs at an incremental cost of \$17,086 in the treatment of patients with RAS wt mCRC. When the patient assistance program was available, the ICER decreased to \$14,049/QALY, which indicated that cetuximab is cost-effective at WTP of \$22,200/QALY in China in 2016.[@CIT0021] This finding conflicts with ours; a likely explanation for this inconsistency is that we explored the cost-effectiveness of the two regimens from the perspective of Chinese society rather than the perspective of Chinese medical insurance. If WTP of China increases to \$150,000 per life year (LY), as is found in the US, adding cetuximab to FOLFOX-4 will be a cost-effective regimen in patients with RAS wt mCRC in China.

In one-way sensitivity analysis, the cost of the PFS state in the cetuximab plus FOLFOX-4 arm was the most influential factor in our study, which was consistent with previously published literature.[@CIT0019],[@CIT0022] In addition, the cost of the PD state in the FOLFOX-4 arm was also influential on the Markov model, mainly because patients in the FOLFOX-4 arm were larger than that in the cetuximab plus FOLFOX-4 arm receiving later-line EGFR-targeting therapies (15% vs 1.6%). With negotiations in health care for anticancer drugs, the anti-EGFR monoclonal antibody cetuximab was approved for inclusion in the health care catalogue in China in October 2018, this treatment costs \$186.53 (20 mL: 100 mg), which is paid by health care payers. However, because of differences in the proportion of medical insurance reimbursement and the termination of an assistance program for cetuximab, the economic burden exceeding the set WTP is still large in China. Hence, the development of domestic generic drugs and the lowering of prices of molecule-targeted drugs are required to further relieve the economic burden of patients with RAS wt mCRC in the future, which will lead to a decline in ICER.

There were some limitations of our cost-effective analysis that deserve to be mentioned. First, some of the clinical data were retrospectively collected from TAILOR trial, which were not patient-level data in clinical practice. Therefore, the results of our study had a lower statistical power. Second, owing to a lack of relevant information about the quality of life to calculate the utility scores for the PFS and PD states in the FOLFOX-4 arm and the cetuximab plus FOLFOX-4 arm in TAILOR trial, we employed analogous data obtained from previously published literature to develop a Markov model to simulate the process of RAS wt mCRC. Third, compared with previously reported trials in mCRC, the shorter OS in the TAILOR trial, which resulted from few patients receiving additional therapy after progression, reduces the incremental QALY, which directly led to an increase in the ICER.

Conclusion {#S0005}
==========

Our results revealed that the combination of cetuximab and FOLFOX-4 is not a cost-effective strategy compared with FOLFOX-4 alone for patients with RAS wt mCRC when the WTP is set to \$27,934/QALY in China. We believe that with the development of clinical trials, increasing numbers of high-efficacy and low-price regiments will be applied to clinical treatment.
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[^1]: **Abbreviations:** AEs, adverse events; FOLFOX-4, leucovorin, fluorouracil, and oxaliplatin; OS, overall survival; PFS, progression-free survival.

[^2]: **Abbreviations:** FOLFOX-4, leucovorin, fluorouracil, and oxaliplatin; PFS, progression-free survival; PD, progressive disease.

[^3]: **Abbreviations:** FOLFOX-4, leucovorin, fluorouracil, and oxaliplatin; PFS, progression-free survival; PD, progressive disease; QALYs, quality adjusted-life years; ICER, incremental cost-effectiveness ratio.
